INTRODUCTION
Recently, hybridization analysis using DNA microarray technology has become a fundamental technique for evaluating the expression levels of thousands of genes in a variety of cells and tissues simultaneously (1) (2) (3) (4) (5) (6) (7) (8) . In a typical microarray experiment using oligonucleotide or cDNA arrays, two mRNA samples to be compared are reverse-transcribed into cDNA, labeled using two different fluorophores (usually Cy™5 and Cy3 dyes), and then hybridized simultaneously to a glass slide on which the oligonucleotides or cDNA are immobilized on the surface. The fluorescence signal intensity for each DNA spot is directly related to the level of gene expression, and a comparison of the resulting signal intensity ratios between the two samples directly reflects differences in their expression. One of the key components of microarray assays, which should quantitatively reflect the abundance of different messenger RNAs (mRNAs) in the two samples to be compared, is the method used to fluorescently label the target nucleic acids (1, (3) (4) (5) (6) . Several different protocols for the fluorescent labeling of cDNA by enzymatic or chemical methods have been described (1, (3) (4) (5) (6) ; however, all of these methods are time-consuming (on the order of hours) and are often rather expensive (requiring fluorescently labeled, aminoallyl labeled, or biotinylated triphosphate nucleotides and enzymes). In addition, inconsistencies between microarray data and the results of Northern blot or reverse transcription PCR (RT-PCR) analyses raise doubts about the quantitative aspect of microarray data (9, 10) . This issue remains of great concern when using DNA microarrays as a tool for gene discovery. Recently, more rapid and reliable DNA and RNA chemical labeling methods utilizing radicalgenerating coordination complexes and platinum compounds have also been reported (11, 12) . While these methods circumvent some of the problems with previously reported labeling methods, several practical issues would still benefit from further improvements in design.
Here we describe an alternative method for chemically labeling cDNA that uses a cyanine-linked carbodiimide (-N = C = N-) monofunctional group. Carbodiimides are reactive functional groups that are used in DNA or RNA modification (13, 14) . For several years, our laboratory has been developing a carbodiimide-based DNA labeling system (15) and a polycarbodiimidecoated glass slide for use as a DNA microarray substrate (16) , and the technologies concerning these carbodi-MICROARRAY TECHNOLOGIES Figure 1 . Synthesis of cyanine dye-carbodiimides. Yields were 85% for the Cy5-carbodiimide and 84% for the Cy3-carbodiimide. DMF, N,N-dimethylformamide.
imide chemistries have been patented. This direct chemical labeling method is a simple procedure that does not rely on the incorporation of modified nucleotides into the fluorescent labeling reaction and should therefore result in substantial cost-savings and high-quality signal detection for DNA microarrays with good reproducibility.
The goal of the current study was to determine whether two novel carbodiimide-based cyanine dyes developed for this system could be effectively used for labeling with fluorescent dyes as part of an overall DNA microarray protocol. As a result, a reliable method of cDNA labeling using these carbodiimide-generating complexes has been developed that provides a sample preparation time of minutes. Furthermore, the observed data are comparable to those of an RT-PCR methodology for most genes tested. The approach described here provides a novel experimental tool with which to identify targets that produce specific and reproducible hybridization signals in DNA-chip expression profiling approaches.
MATERIALS AND METHODS

Instruments
Nuclear magnetic resonance (NMR) spectra were recorded at 270 MHz on a JOEL JNM-GSX270 FT NMR system GSX FT NMR spectrometer (JOEL Ltd., Tokyo, Japan). Infrared (IR) spectra were observed on a FT IR-8200 PC (Shimazu, Kyoto, Japan). Highperformance liquid chromatography (HPLC) analysis (μBondaspphere, Model C8-300A, 3.9 × 150 mm; Waters, Milford, MA, USA) was performed with a gradient of 5%-100% acetonitrile in 0.1 M triethylammonium acetate (TEAA), pH 7.0, and a flow rate of 1 mL/min over 40 min. A ScanArray ® 4000 instrument (Packard BioChip, Billerica, MA, USA) was used to detect the hybridization signals.
Selection and Synthesis of Oligonucleotides
The oligonucleotide sequences (70 bp) used in this study were selected from the OligoPicker web site (pga. mgh.harvard.edu/oligopicker/) using OligoPicker software (17) and are available on the web site. The web site provides approximately 15,000 specific mouse sense oligonucleotide probe sequences, but we randomly chose 1561 probes that cover a broad spectrum of functionality. All nonmodified oligonucleotides (approximately 0.2 μmol) were synthesized on an ABI Prism ® 3900 DNA synthesizer by a standard phosphoramidite method. A negative control comprising an oligonucleotide probe that is noncomplementary to the mouse sequence was also designed and synthesized.
Preparation of Glass Oligonucleotide Microarrays
A Pixsys™ DNA microarray spotter (Cartesian Technologies, Irvine, CA, USA) was used to print arrays of oligonucleotides on CarboStation™ glass slides (Nisshinbo Industries, Chiba, Japan) (16) . Nonmodified oligonucleotides in 3× standard saline citrate (SSC; total volume of 20 μL) were used for printing [a total of 1794 elements including 40 negative controls and 193 blank spots (buffer only) per slide]. Nonmodified oligonucleotides were printed from 96-well plates at a concentration of 20 pmol/μL. After printing, the arrays were UV-irradiated using a UV Stratalinker ® 2400 (Stratagene, La Jolla, CA, USA), treated with a blocking buffer [3% bovine serum albumin (BSA), 0.2 M NaCl, 0.1 M Tris-HCl, pH 7.5, and 0.05% Triton ® X-100], washed with Tris-EDTA (TE) buffer, pH 7.2, for 5 min, according to the manufacturer's instructions (16) , and dried before storage.
Synthesis of the Cyanine Dyes Containing Carbodiimide Groups
Cy5-and Cy3-carbodiimide dyes [also known commercially as CarboSpirit™ dyes; available upon request (e-mail: bio@nisshinbo.co.jp) from Nisshinbo Industries] ( Figure 1 ) were synthesized using commercial reagents. In brief, N-(3-dimethylaminopropyl)-N′-morpholinopropyl carbodiimide 1 and the Cy5 dye 2b were synthesized as previously described (15, 18) . To a stirring solution of the Cy5 dye 2b (46.6 mg, 41.5 μmol) in 2 mL DMF (N,N-dimethylformamide) on ice, N-(3-dimethylaminopropyl)-N′-morpholinopropyl carbodiimide 1 (211 mg, 830 μmol) was added dropwise. The mixture was stirred overnight initially at 0°C and then at room temperature. Excess diethyl ether was added to the solution, and the resulting precipitate was collected by centrifugation at 12,000× g. The precipitate was dissolved in methanol and then purified by Sephadex™ LH-20 (Amersham 3a n = 1: Cy3 -carbodiimide 3b n = 2: Cy5 -carbodiimide 
Synthesis, Labeling, and Purification of cDNA
Total RNAs from mouse brain and liver were extracted using TRIzol ® reagent (Invitrogen, Carlsbad, CA, USA), according to the manufacturer's instructions.
Typically, 1-5 μg total RNA were used in each of the reverse transcription reactions. Total RNA containing 200 pmol oligo(dT) (12-18 nucleotides in length; Takara, Kyoto, Japan) in RNase-free water was heated to 70°C for 10 min and then incubated on ice for 5 min. The reverse transcription reaction (in a total volume of 20 μL) included 1 μL PowerScript™ II Reverse Transcriptase (BD Biosciences Clontech, Palo Alto, CA, USA), 4 μL of 5× First-Strand buffer, 2 μL dithiothreitol (DTT; 100 mM), and 2 μL of dNTP mixture (10 mM each dATP, dCTP, dGTP, and dTTP) (Amersham Biosciences). After 1 h of incubation at 48°C, the reaction was stopped by heating to 70°C for 5 min. RNase H (2 U) was then added. cDNA was purified by ethanol precipitation, rinsed twice with 70% ethanol, and stored at -20°C.
Cy5-carbodiimide dye and Cy3-carbodiimide dye dissolved in DMSO at a concentration of 5 mM were used for cDNA labeling. cDNA dissolved in distilled water and either Cy3-or Cy5-carbodiimide dye solution (final concentration of carbodiimide reagent was 0-2 mM in a DMSO/water ratio of 1:1) in a final volume of 20 μL were incubated at 70°C for 3-30 min.
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Fluorescently labeled cDNA was purified by ethanol precipitation and a MinElute PCR Purification Kit (Qiagen, Valencia, CA, USA) and then concentrated in a SpeedVac ® (TeleChem International, Sunnyvale, CA, USA) and stored at -20°C.
The cDNA was also labeled by conventional methodologies. We followed the protocols of the Brown Laboratory (Stanford, CA, USA) for the direct and indirect labeling of cDNA (cmgm.stanford.edu/pbrown) (2). Typically, 1-5 μg total RNA were also used in each of the reverse transcription reactions.
Hybridization and Wash Conditions
ExpressHyb™ Hybridization Solution (BD Biosciences Clontech) was added to the labeled cDNA solution [60% (v/v) ExpressHyb hybridization solution; total volume was 40 μL].
The hybridization solution was heated for 2 min at 95°C, cooled to room temperature, and centrifuged for 10 min at 12,000× g in a microcentrifuge. The hybridization solution was applied between the slide and the coverslip by capillary action. The slide was incubated overnight at 45°C in a closed hybridization cassette. Subsequently, the arrays were washed at room temperature in 2× SSC, 0.1% sodium dodecyl sulfate (SDS) for 5 min, 0.5× SSC, twice in 0.1% SDS for 5 min, rinsed briefly twice in 0.9% NaCl at 4°-10°C, and dried by centrifugation at 50× g (CS-15 Centrifuge; Beckman Coulter, Fullerton, CA, USA) for 2 min.
Microarray Data Analysis
A ScanArray 4000 instrument was used to detect the hybridization signals. Arrays were scanned at 10-μm resolution with variable photomultiplier tube (PMT) settings to obtain optimum signal intensities. The resulting images were used to generate Tiff data files. Data analysis was done using QuantArray ® software (Packard BioChip) and Microsoft ® Excel. Typically, data were normalized to the median. Only those genes with a minimum average signal intensity [(Cy3 plus Cy5)/2] that was at least three times the background noise level in both channels were included in the analysis. The signal intensities arising from negative control oligonucleotide spots were always below this background threshold, which indicated that cross-hybridization was negligible. All statistical analyses and the level of statistical significance of each gene were determined by using the regularized t-test statistic (8) .
RT-PCR Analysis
First-strand cDNA synthesis was performed using 5 μg total RNA and PowerScript II reverse transcriptase, according to the manufacturer's instructions. Fluorescent PCR analysis was performed using the Applied Biosystems 7300 Real-Time PCR System (Applied Biosystems, Foster City, CA, USA) and SYBR ® Green I (Molecular Probes, Eugene, OR, USA) as previously described (19, 20) . Amplification reactions consisted of 40 cycles of denaturation at 95°C for 15 s, annealing at 60°C for 30 s, and extension at 74°C for 50 s using the primers listed in Table 1 . Fluorescent signals were obtained once in each cycle by sequential fluorescence monitoring of each sample tube at the end of extension. Cycle thresholds (C t s) for each gene were obtained 
RESULTS
Properties of the Carbodiimide Dyes for cDNA Labeling
We have developed a novel nonenzymatic system for fluorescently labeling nucleic acids. The structures of the cyanine-carbodiimide dyes developed in this work are shown in Figure 1 . This system uses a carbodiimide group to label cDNA directly with cyanine dyes via a long linker arm, which reacts with the unpaired imino group of thymine, uracil, or guanine bases in DNA or RNA and forms stable adducts (13, 14) . The labeling reagent was designed on the basis of previous preliminary model studies showing that a biotin group can be appended to the imino group of M13mp18 single-stranded DNA (ssDNA) and M13mp18 replicative form (RF) DNA via reaction with a carbodiimide group (15) .
To routinely label a cDNA sample at a specified desired degree of modification, it is necessary to determine the reaction kinetics. Once the kinetics are known, reaction conditions including reactant concentrations (carbodiimide dye and cDNA), temperature, and time of reaction can be formulated in subsequent studies to yield the desired level of labeling. To assess the reaction kinetics, we obtained cDNAs with varying degrees of carbodiimide modification by reacting a fixed amount of cDNA with varying amounts of carbodiimide compounds at 70°C for 10 min. The results for Cy5 are shown in Figure 2A ; Figure 2B ). The optimal degree of labeling was found to be 30-50 bp per molecule of carbodiimide dye.
Homotypic Hybridization Assays
To determine whether the cyanine carbodiimide reagent-modified nucleic acids could be effectively used as part of an overall DNA microarray protocol, we evaluated the effect on hybridization signals by varying the amount of input total RNA used in labeling reactions. We compared the hybridization signals obtained with this system to those obtained by "gold standard" direct and indirect labeling methodologies that use cyanine-dUTPs, and a combination of aminoallyl-dUTP and N-hydroxysuccinimidyl ester of cyanine dyes, respectively. To exclude experimental variability caused by sample input, the same RNA sample from mouse brain was used for all target preparations. Furthermore, the oligonucleotide arrays used for these comparative assays were all derived from the same qualitycontrolled spotting batch.
Varying amounts of mouse brain 
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total RNA (1-5 μg) were reverse-transcribed and labeled with either Cy3 or Cy5. These labeled cDNAs were then simultaneously hybridized to the oligonucleotide arrays for comparison. We measured backgroundsubtracted signal intensities for both dyes using three different labeling methodologies. Figure 3A shows that under identical hybridization and scanning conditions the signal intensities for both dyes arising from carbodiimide-labeled and aminoallyldUTP-labeled cDNA were comparable across the range of input mass of total RNA, whereas the signal intensities from cyanine-dUTP-labeled cDNA were 2-to 4-fold lower.
Next, we determined the accuracy and precision of competitive hybridization based on normalized Cy3 and Cy5 signals, measured after using different input amounts of mouse brain total RNA in the labeling process ( Figure  3A ). Approximately 5400 data points from three homotypic mouse brain hybridizations (5 μg each) were used to construct a histogram showing the frequency or distribution of gene elements (as a percentage of the total) around log 2 of the expected ratios (log 2 1.0 = 0). Effectively, the histogram ( Figure  3B ) is a graphical measure of the range of the signal response for each element. We found that approximately 77.7% of the genes on the arrays generated with carbodiimide labeling were detected, and, among the genes detected, 98.8% showed less than a ±1.4-fold change in expression. In addition, the reproducibility of our labeling method was very high because the Pearson correlation coefficient for two independently Relative intensity refers to the average intensity of the gene relative to the mean intensity of all expressed genes on the array. Each fold change value is the log 2 of the ratio of the gene expression levels in the mouse brain and liver, respectively, averaged from a total of six assays using each methodology. Shaded values in bold represent genes that showed significant differences in their levels of expression (P value < 0.05). RT-PCR, reverse transcription PCR; ND, no data available [the signal intensity was below the threshold (see Materials and Methods)]; N.A., not applicable.
labeled samples in log 2 (Cy5) versus log 2 (Cy3) plots indicated a very high correlation of between 0.97 and 0.98. The coefficient of variation (cv) of ratios for all elements was 12% across the entire signal range. Figure 3B also shows that a similar trend was observed when we used the indirect labeling methodology. Approximately 74.5% of genes on the arrays generated with the indirect labeling method were detected and, among the genes detected, 96.8% showed less than a ±1.4-fold change in expression. The reproducibility of the two labeling methods was comparable because the Pearson correlation coefficient for two samples labeled independently by the indirect labeling methodology in log 2 (Cy5) versus log 2 (Cy3) plots also indicated a very high correlation of between 0.97 and 0.98. The cv of ratios for all elements was 11% across the entire signal range. In our hands, however, the direct labeling methodology repeatedly gave signal intensities that were too insensitive and inaccurate for reliable hybridization assays within the range analyzed (data not shown), even with optimum PMT settings of the laser scanner, probably due to poor background-subtracted signal intensities ( Figure 3A) , which resulted in an increase in noise level.
The results indicate that the accuracy and the precision of the carbodiimide and indirect labeling methods are comparable and clearly establish the reliability of our analytical system.
Further studies were performed to determine the minimal amount of total RNA required for target labeling with our method. However, a reduction in input total RNA mass led to a reduction in the number of genes detected. The genes detected with our methodology corresponded to 75% of all elements for 2.5 μg of input total RNA and 70% for 1 μg, respectively. The Pearson correlation coefficient for two independently labeled samples still indicated a high correlation, but it also tended to decrease as the input total RNA was reduced (i.e., between 0.89 and 0.97 for 2.5 μg of input total RNA and between 0.88 and 0.92 for 1 μg, respectively), probably due to the decrease in the background-subtracted signal intensities ( Figure 3A) and/or to the decrease in the number of low abundant transcripts that could be detected. A similar reduction was also observed when we used cDNA labeled by the indirect method (data not shown). shown as a function of the input mass of total RNA. The products from triplicate labeling reactions using Cy3-and Cy5-carbodiimide and cDNA resulting from increasing amounts of mouse brain total RNA were hybridized to 1794-element oligonucleotide arrays. Labeling reactions were performed using carbodiimide reagents (1.2 mM) at 70°C for 10 min. Each data point is the average of three hybridizations. Scanning was performed at the same laser power (100%) and photomultiplier tube (PMT) settings (60%) for both channels. The error bars indicate standard deviation. (B) Histogram showing the gene elements distributed according to the log 2 value of their experimentally derived ratios for three homotypic brain hybridizations. In both cases, labeling reactions were done with the cDNA obtained from an input of 5 μg total RNA. Bgr, background intensity. 
Differential Expression Analyses
To assess the general performance of our carbodiimide labeling methodology in gene expression analysis, we performed a statistical test based on replicate microarray experiments to identify genes with an observed change in expression between mouse brain and liver tissue, and compared the results obtained with our methodology to those obtained with the indirect and direct labeling methodologies. In total, 18 separate microarray assays were conducted on two different samples of total RNA (5 μg each) from two mouse tissues for each of the three labeling methodologies. In half of the replicate assays, the cDNA from mouse liver was labeled with the Cy3 dye, and the cDNA from mouse brain was labeled with the Cy5 dye; in the other half, the labeling scheme was reversed. Labeling reactions were performed using a 1.2-mM concentration of the carbodiimide reagents at 70°C for 10 min. Only those genes with good reproducibility (P value < 0.05) and signal intensity above the threshold (see Materials and Methods) were considered differential.
Statistical analyses from multiple hybridization assays identified 25 genes that showed significant variation in expression by our methodology, 21 genes that showed significant variation by the indirect methodology, and only 6 genes that showed significant variation by the direct methodology (Figure 4) . Among the genes detected by the three methodologies, however, we found that 16 of 30 genes matched between our method and the indirect labeling method, whereas only 2 of 29 genes matched between our method and the direct labeling method and only 3 of 24 genes matched between the direct and indirect labeling methods with optimum PMT settings of the laser scanner, although there were no genes that were up-regulated in one protocol and down-regulated in the other (Table  2) .
To ascertain whether the expression changes observed for these divergent genes were biased by the absolute expression levels detected by either labeling methodology, we compared the relative intensity values of each of the genes for each labeling methodology.
As shown in Table 2 , the intensity values of the divergent genes overall ranged around the median signal intensities observed in the carbodiimide and indirect methodologies. However, the direct labeling method failed to detect 13 of 31 divergent genes that were detected by the other two methodologies, even with optimum PMT settings of the laser scanner, probably due to its lower sensitivity, as shown in Figure  3A ; thus, the expression changes for these divergent genes were not biased by signal intensities in the carbodiimide and indirect labeling methods.
More importantly, the results showed good within-platform reproducibility for the carbodiimide and the indirect labeling methodologies (the Pearson correlation coefficients between the fold ratios of all genes in replicate chips indicated a high correlation of 0.91-0.93, and the average cv of ratios was approximately 14% across the entire signal range). For the direct labeling method, by contrast, the reproducibility is only moderate (the Pearson correlation coefficient gave a correlation of approximately 0.50, and the average cv of ratios was 25%). Thus, a major source of inconsistency among the three platforms, as shown in Figure 4 and Table 2 , is simply caused by the insensitivity and/or significant variance of the direct labeling methodology, which can enhance the occurrence of false-positive or false-negative results.
Confirmation of Differential Gene Expression
To determine the effectiveness of our carbodiimide labeling methodology, we also verified the expression of a small set of genes by real-time fluorescent RT-PCR. Real-time RT-PCR data of the 11 genes, along with the array data obtained using the three labeling methodologies, are shown in Table 2 . In a few cases, no change could be assigned to the gene expression level in one of the systems. For the whole data set of 11 genes, there was a good correlation (correlation coefficient 0.73) between the changes reported by the two systems: the RT-PCR data and the microarray data obtained with our methodology. By contrast, there was only a low correlation (correlation coefficient 0.42) between the RT-PCR data and the microarray data obtained with the indirect labeling methodology for the genes analyzed, although the indirect labeling method showed good reproducibility in replicate assays as described above.
In this experiment, ratio compression on all array platforms in comparison to the RT-PCR platform was observed, similar to that described by Park et al. (21) . Thus, depending on the genes being examined, the carbodiimide platform may also generate ratios that do not have the same magnitude as those of RT-PCR, although the trends (up-or down-regulation) are usually in good agreement.
Taken together, these results demonstrate the ability of the carbodiimide labeling method to reliably discern changes in gene expression.
DISCUSSION
We have evaluated the properties of two novel carbodiimide-based cyanine dyes with regard to their application to DNA microarrays. Although it is well known that a carbodiimide group reacts with unpaired thymine, guanine, or uracil bases in DNA or RNA (13, 14) , to our knowledge this is the first study to demonstrate that these cyanine dyes can be applied successfully to gene expression analysis.
One might envision that labeled bases bearing the carbodiimide reagent could be hindered from forming hybridization duplexes because nucleotides that have a keto group at the 4-position of the pyrimidine ring or at the equivalent 6-position of the purine ring will react with the carbodiimide to give the N-substituted 3-or 1-adduct, respectively (13, 14) , and/or to steric effects. Similarly, a previous study revealed that internal biotin labels attached via aminoallyl-dNTP subtly affect hybridization thermodynamics and duplex stability, and end-labeling of the DNA target enhances hybridization intensity (22) . Nevertheless, we have shown that the carbodiimide-based cyanine dyes produce consistent data when repeatedly applied to analyses under the same conditions. The labeling efficiency of 30-50 bp per molecule of carbodiimide dye seems not to inhibit hybridization to an oligonucleotide array of 70-mers under the conditions used. Furthermore, the presence of a linker arm might alleviate the steric hindrance of the modified bases in DNA with carbodiimide reagents because a bulky cyanine dye can be attached to a carbodiimide group via the long linker arm (Figure 1 ). Indeed, there was a similar reduction in the hybridization intensity between cDNA labeled with our methodology and that labeled using the indirect method (data not shown) when we employed harsh washing conditions (ranging from 25°-55°C) after the hybridization step. We also compared the carbodiimide chemical labeling methodology with two different conventional labeling methodologies for mouse cDNA. In self-on-self hybridization assays, our methodology showed 2-to 4-fold greater signal intensities than the conventional direct labeling methodology, and sensitivity and reproducibility comparable to those obtained with the indirect labeling methodology. This lower intensity was expected because the bulky cyanine moieties can be accommodated less easily than can the small aminoallyl moieties or nonmodified nucleotides during reverse transcription, which is in agreement with the higher degree of labeling achieved with aminoallyl-dUTPs than with cyanine-dUTPs (3) (4) (5) (6) . In contrast to previous reports (2-6), however, because we routinely used 5 μg or less total RNA as input in each labeling reaction for the strict comparisons of each labeling methodology, it should be emphasized here that the optimal amount required for the direct labeling is usually at least 4-fold greater than that used in this study (2) (3) (4) (5) (6) . Therefore, it is possible to achieve more reproducible and accurate hybridization assays for the direct labeling methodology when optimum amounts of total RNA are used.
In experiments for identifying genes that vary in expression between mouse brain and liver tissue, however, we found relatively low concordance between the genes showing expression changes by our labeling methodology and those showing changes by the indirect labeling methodology (16 of 30 genes, around 53%), although our microarray results demonstrated that the carbodiimide and indirect labeling methodologies are both reliable for sample analysis. While we have not identified the cause of this discrepancy, features of the labeling method including (i) different cDNA synthesis protocols, (ii) different hybridization kinetics for aminoallyl-dUTP-incorporated cDNA and carbodiimide-labeled DNA molecules, and (iii) a cDNA labeling bias arising from the different chemistries probably contribute to the observed discordance (3) (4) (5) (6) . It should be emphasized here that the choice of the cDNA labeling method can critically affect the outcome of a microarray experiment. In addition, some genes detected by either methodology might not reach the statistically significant level (i.e., P value < 0.05) necessary to identify variable genes because of fluctuations in technical replicates. However, all DNA microarray hybridization data must be considered only as an initial global screening investigation. No experimental technique is perfect, and one has to find the best compromise of reliability, quality, and ease of use. Following microarray analysis, the expression levels of each MICROARRAY TECHNOLOGIES gene target detected must be confirmed by other methods such as Northern blot analysis or RT-PCR analysis. Nonetheless, in our case, our study has shown for the genes examined, a good agreement in those showing significant changes in expression between our labeling method and the RT-PCR analysis, thereby indicating the ability of the carbodiimide labeling method to reliably discern changes in biology.
In conclusion, our current study demonstrates the utility of carbodiimide chemistry for DNA microarray analyses, suggesting that these carbodiimide reagents have the potential to become a powerful tool for monitoring changes in complex mRNA expression. Carrying out the labeling reactions in the presence of DMSO and/or at high temperatures (see Materials and Methods) results in nucleic acid unfolding, which can uniformly label cDNA such that labeling biases are minimal. Other advantages of this carbodiimide-mediated method include its simplicity and high speed, as with other chemical labeling methodologies (11, 12) . According to this protocol, it takes only 10 min at 70°C to complete the cDNA labeling reaction. These advantages, together with high specificity of labeled nucleic acids in hybridization, make this method unique and highly promising for an alternative sample application to DNA microarray technology and automation. Furthermore, it is also possible to apply carbodiimide chemistry to the labeling and detection of RNA through its uracil or guanine base (14) , and studies to optimize a labeling protocol with the reagents described in this study are currently underway. A labeling process based on these findings should assist in the development of high-quality arrays at an affordable price.
